SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, Masaru Kanazawa, a 
citizen of Japan residing at Kawasaki, Japan, Yoshiyuki 
Yamashita, a citizen of Japan residing at Sapporo, Japan, 
Tabito Tonooka, a citizen of Japan residing at Kawasaki, 
Japan, Masatomo Mori, a citizen of Japan residing at 
Sapporo, Japan and Hisamitsu Takagi , a citizen of Japan 
residing at Kawasaki, Japan have invented certain new and 
useful improvements in 

FOLDING TYPE PORTABLE RADIO MACHINE AND 
CHASSIS OF THE RADIO MACHINE 



of which the following is a specification:- 



-1- 



T TTLE OF THE^ NVENTIPN 

" TYPE PORTABLE RADIO MACHINE AND 

CHASSIS OF THE RADIO MACHINE 

BACJCG^OUNp__OF_JTJlFj — TNVENJTIQN 

1 Field of the Invention 

The present invention generally relates to 
folding type portable radio machines and chassis of 
the radio machines, and more particularly, to a 
folding type portable radio machine, which is 
folded at the time of being carried and unfolded at 
the time of being used for telephone calling or 
communicating, and a chassis for the phone. 

2 Description of the Related Art 
A folding type portable radio machine such 
as a folding type portable phone, including a 
chassis for the phone, is folded at the time , of 
being carried. The radio machine is unfolded at the 
time of being used for telephone calling or 
communicating, and if necessary an antenna -stalled 
inside thereof is extended externally. 

FIG . i is an exploded perspective view of 
a related art folding type portable phone 10. 
Referring to FIG. 1, the related art folding type 
25 portable phone 10 includes a dial operations key 

sid e part 11 held by the hands of a user, a liquid 
crystal side part 12 which is folded and unfolded, a 
left hinge mechanism part 13a, a right hinge 
mechanism part 13b, and others. 
30 The left hinge mechanism part 13a and the 

right hinge mechanism part 13b are respectively 
provided at left and right sides of the folding type 
portable phone 10 so as to connect the dial 
operations Key side part 11 to the liguid crystal 

35 side part 12. , 
The dial operations key side part 11 is 
formed by combining a plate part 20 and a lower part 
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housing 21. A lower part chassis 23 where a printed 
board module 22 is provided is installed inside of 
the dial operations key side part 11. 

The liquid crystal side part 12 is formed 
by combing a plate part 30 and an upper housing 31. 
An upper part chassis 34 where a printed board 
module 32 is provided is installed inside of the 
liquid crystal side part 12. 

The left hinge mechanism part 13a is 
covered with an arc part 23 projecting from an edge 
of the plate part 20 of the dial operations key side 
oart 11 The right hinge mechanism part 13b is 
covered' with an arc part 33 projecting from an edge 
of the plate part 30 of the liquid crystal side part 

Furthermore, the printed board module 22 
of the dial operations key side part 11 and the 
printed board module 32 of the liquid costal side 
Part 12 are connected by a flexible printed board 40. 
The flexible printed board 40 forms a curl 
configuration at a designated position thereof. In 
addition, an antenna 45 is flexibly received in the 
lower part housing 21 of the dial operation key side 
part 11. A battery pack 46 is fitted on a lower 
i surface of the lower part housing 21. 

Meanwhile, the upper part chassis 34 and 
the lower part chassis 23 are molded articles which 
are made of resin and where metal is vaporized. 
Furthermore, metal is vaporized on both left hinge 
0 mechanism part 13a and the right hinge °>" han ""» 
part 13b so that there is conductivity between the 
dial operation key side part 11 and the liquid 
crystal side part 12. Alternatively, metal is 
vaporized on neither left hinge mechanism part 13a 
5 nor the right hinge mechanism part 13b so that there 
is no conductivity between the dial operation key 
side part 11 and the liquid crystal side part 12. 
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FIG. 2 is a schematic view of the upper 
part chassis 34 and the lower part chassis 23 in a 
case where the related art folding type portable 
phone 10 is folded. More specifically, FIG. 2- (a) 
is a view seen in the X-Y plane of FIG. 1 and FIG. 
2-(b) is a view seen in Y-Z plane of FIG. 1. 

Referring to FIG. 1 and FIG. 2, when the 
folding type portable phone is carried, the upper 
housing 31 where the upper part chassis 34 is 
provided inside is closed against the lower housing 
21 where the lower part chassis 23 is provided 
inside. in this case, as shown in FIG. 2, even if 
the antenna 45 is extended, the upper part chassis 
34 is not an obstacle to transmission and receipt of 
the radio wave by the antenna 45. 

For example, as shown in Japanese Laid- 
Open Patent Application No. 2002-246821, in a 
conventional antenna for portable communication 
terminals, when a plate antenna is held so as to be 
separated from a human body by 20 mm, the gain of 
the plate antenna can be made higher by 2.5 dB or 
more over the entire frequency band (1,920-2,170 
MHz) , than the gain of a half-wave length dipole 
antenna . 

Furthermore, as shown in Japanese Laid- 
Open Patent Application No. 2000-216611, there is a 
conventional folding type mobile phone, wherein a 
monopole antenna is formed by first and second 
conductive films provided at first and second 
housings when the phone is unfolded, and the second 
conductive film acts like a grounding plane when the 
phone is folded. 

As shown in Japanese Laid-Open Patent 
Application No. 11-317610, there is a conventional 
3 antenna of a folding type portable phone that 
functions as a monopole antenna in a normal 
operation state and as a slot antenna in a standby 



state . 

Furthermore, as shown in Japanese Laid- 
Open Patent Application No. 2001-77623, there is a 
small-sized antenna in a stack structure with 
sufficient passing band width achieved by 
eliminating mutual interference by coupling a 
resonance structure, which has a high center 
frequency ratio on both sides of a coupling layer 
made of a planar conductive layer, with an external 
processing unit via a slit formed in the coupling 
layer. 

However, in a case where the folding type 
portable phone 10 is unfolded and the antenna 45 is 
extended in order to conduct communications and 
telephone calling, there might be the following 
problems with regard to transmission and receipt of 
the radio wave. 

FIG. 3 is a schematic view of the upper 
part chassis 34 and the lower part chassis 23 in a 
case where the related art folding type portable 
phone 10 is unfolded. More specifically, FIG. 3 (a) 
is a view seen in the X-Y plane of FIG. 1 and FIG. 
3-(b) is a view seen in the Y-Z plane of FIG. 1. 

Referring to FIG. 1 and FIG. 3, when the 
communicating or telephone calling is implemented, 
the upper housing 31 where the upper part chassis 34 
is provided inside thereof is rotated against the 
lower housing 21 where the lower part chassis 23 is 
provided inside thereof so that the folding type 
portable phone 10 is unfolded and the antenna 45 is 
extended. 

In this case, as shown in FIG. 3, the 
upper part chassis 34 is situated right at the side 
of the antenna 45. Hence, the upper part chassis 34 
is an obstacle for the antenna 45 to transmit and 
receive the radio wave. 

Therefore, the gain of the antenna 45 is 
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degraded so that an radiation efficiency is reduced. 
Because of this, it may be difficult to implement a 
high quality telephone call or communications by the 
related art folding type portable phone 10. 

Furthermore, the conventional portable 
radio machine such as the folding type portable 
phone 10 shown in FIG. 1 through FIG. 3 generally 
has an outside antenna such as a helical antenna or 
a monopole antenna, or an installed antenna such as 
chip antenna, a plate antenna, or a batch antenna. 

In addition, in order to realize the 
portable radio machine being applied to Bluetooth or 
a radio LAN based on multi-f unctionalization of a 
recent communications developments, it is required 
for the portable radio machine to have antennas 
corresponding to respective frequencies of 
transmission . 

Hence, spaces in which the respective 
antennas are to be provided is required in the 
portable radio machine. In addition, the folding 
portable radio machine is required to be further 
miniaturized and reduced in weight. 

However, it is difficult for the related 
art portable radio machines to accomplish both 
multi-functionalization of the communications and 
miniaturization and weight savings of the radio 
machine . 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the 
present invention to provide a novel and useful 
folding type portable radio machine and a chassis of 
the radio machine in which one or more of the 
problems described above are eliminated. 

Another and more specific object of the 
present invention is to provide a folding type 
portable radio machine having a simple structure 
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which can transmit and receive a radio wave 
efficiently and realize high quality communications, 
a multifunctional communications and the like, and a 
chassis of the radio machine. 

The above objects of the present invention 
are achieved by a folding type portable radio 
machine, including: 

a chassis part formed by a first chassxs 
and a second chassis, the second chassis being 
foldably connected to the first chassis, 

wherein the chassis part includes: 
a conductive part having conductivity 
whose full length is an approximately half wave 
length (A/2) of a using frequency of the radio 
machine, and 

an electric notch. 

The above objects of the present invention 
are achieved by a folding type portable radio 
machine, including: 

a first chassis having conductivity; and 
a second chassis having conductivity and 
being foldably connected to the first chassis by a 
hinge mechanism part, 

wherein the hinge mechanism part has a 
part making the first chassis and the second chassis 
have an electric continuity state, and a part not 
making the first chassis and the second chassis have 
the electric continuity state, and 

a full length of the first chassis and the 
, second chassis is an approximately half wave length 
a/2) of a using frequency of the radio machine. 

The above objects of the present invention 
are achieved by a folding type portable radio 
machine, including: 
5 a first housing having a first chassis 

having conductivity where a printed board is 
provided inside thereof; 



a second housing having a second chassis 
having conductivity where another printed board is 
provided inside thereof; 

an antenna being extendable to a back 
surface of the first housing, the antenna being 
provided at one of left and right sides of the 
second housing; 

wherein the antenna is fed an electric 
power supply by a feeder circuit of the other 
printed board provided at the second chassis, 

the first chassis and the second chassxs 
are connected by connection parts provided left and 

right, , _ 

the connection part at the side where the 
antenna is positioned non-electr ically connects the 
first chassis and the second chassis, 

the connection part at the other side 
electrically connects the first chassis and the 
seconds chassis, and 

a full length of the radio machine is an 
approximately half wave length (X/2) of a using 
frequency of the radio machine. 

The above objects of the present invention 
are achieved by a folding type portable radio 
machine, including: 

a first housing that has a first chassis 
having conductivity, the first housing having a 
printed board provided inside thereof; and 

a second housing that has a second chassis 
3 having conductivity, the second housing having 
another printed board provided inside thereof; 

wherein the first chassis and the second 
chassis are physically connected by a first 
connection part and a second connection part 
5 provided left and right, 

the first connection part electrically 
connects the first chassis and the second chassis, 



the second connection part does not 
electrically connect the first chassis and the 
second chassis, 

a full length of the radio machine in a 
case where the first housing is opened from the 
second housing is an approximately half wave length 
(X 1 /2) of a first using frequency of the radio 
machine ; 

an interval between the first connection 
part and the second connection part is an 
approximately one fourth wave length (A 2 /4) of a 
second using frequency of the radio machine; and 

the first chassis, the second chassis, the 
first connection part, and the second connection 
part, as an installed antenna of the radio machine, 
send and receive radio waves having the first and 
second using frequencies. 

The above objects of the present invention 
are achieved by a chassis provided inside of a 
folding type portable radio machine, comprising: 

a first chassis part; 

a second chassis part; and 

a plurality of connection parts provided 
at the first chassis part and the second chassis 
part, the connection parts connecting the first 
chassis part and the second chassis part; 

wherein only a surface of one of the 
connection parts at the second chassis part 
connecting to the one of the connection parts at the 
first chassis part is made of non-conductive 
material. 

Other objects, features, and advantages of 
the present invention will become more apparent from 
the following detailed description when read in 
, conjunction with the accompanying drawings. 
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rptff DESCRIPTI ON OF THE DRAWIN GS 

FIG. 1 is an exploded perspective view of 
the related art folding type portable phone 10; 

FIG. 2 is a schematic view of the upper 
part chassis 34 and the lower part chassis 23 in a 
case where the related art folding type portable 
phone 10 is folded; 

FIG. 3 is a schematic view of the upper 
part chassis 34 and the lower part chassis 23 in a 
case where the related art folding type portable 
phone 10 is unfolded; 

FIG. 4 provides three views of a folding 
type portable phone 100 of a first embodiment of the 
present invention in a case where the folding type 
15 portable phone 100 is unfolded; 

FIG. 5 is a view for explaining gamma 

matching; 

FIG. 6 provides graphs indicating a change 
of input impedance at the gamma matching shown in 
20 FIG. 5; 

FIG 7 is a modified schematic view of the 
gamma matching shown in FIG. 5 and is an equivalent 

view to FIG. 5; 

FIG. 8 is a modified schematic view of the 
25 gamma matching shown in FIG. 7 and is an equivalent 
view to FIG. 5 and FIG. 7; 

FIG. 9 is a graph indicating an impedance 
characteristic of 900 [MHz ] frequency under 
conditions shown in table 1; 

FIG. 10 is a graph indicating an impedance 
characteristic of 900 [MHz] frequency in a case 
where L in the table 1 is 0 (zero); 

FIG. 11 is a graph indicating an impedance 
characteristic of 1.5 [GHz] frequency under 
35 conditions shown in table 1; 

FIG. 12 is an exploded perspective view of 
the folding type portable phone 100 of the first 
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embodiment of the present invention shown in FIG. 4; 

FIG. 13 provides schematic views of an 
upper part chassis 300 and a lower part chassis 400 
in a case where the folding type portable phone 100 
shown in FIG. 4 and FIG. 12 is folded; 

FIG. 14 is a modified schematic view of 
FIG. 13 and is an equivalent view to FIG. 13; 

FIG. 15 provides schematic views of a 
folding type portable phone 200 of a second 
embodiment of the present invention in a case where 
the folding type portable phone 200 is unfolded; 

FIG. 16 is an exploded perspective view of 
the folding type portable phone 200 shown in FIG. 
15 ; 

FIG. 17 provides schematic views for 
explaining a principle of the folding type portable 
phone 200 of a second embodiment of the present 
invention ; 

FIG. 18 is a schematic view for explaining 
a relationship between a notch antenna and a 
resonance frequency; 

FIG. 19 is a schematic view electrically 
equivalent to FIG. 18 in a case where Ex mode is 
applied to a notch antenna 900 shown in FIG. 18; 

FIG. 20 provides schematic views showing 
an electric state in a case where a conductor is 
provided between a left hinge mechanism part 680 and 
a right hinge mechanism part 690 shown in FIG. 17; 

FIG. 21 is a schematic view of a state 
where the folding type portable phone 200 is 
unfolded; 

FIG. 22 is a schematic view of the folding 
type portable phone 200 in a case where an upper 
part chassis 500 and a lower part chassis 600 are 
connected to each other by a coaxial cable 903; 

FIG. 23 is an exploded perspective view of 
the upper part chassis 500 and the lower part 



chassis 600 of the folding type portable phone 200 
of the second embodiment of the present invention; 

FIG. 24 is a schematic view showing the 
lower part chassis 600 shown in FIG. 23; 

FIG. 25 is an exploded perspective view 
showing a first structure of a flexible printed 
board 40 and the vicinity thereof; 

FIG. 26 is a perspective view showing a 
second structure of the flexible printed board 40 
and the vicinity thereof; and 

FIG. 27 is an exploded perspective view of 
a folding type portable phone 950 which is a 
modified example of the second embodiment of the 
present invention. 

DETAIMD ^crPTPTTON OF THE P FF . FF.RED EMBODIM ENTS 

A description will now be given, with 
reference to the FIGS. 4-27, of embodiments of the 
present invention. In the following embodiments, 
folding type portable phones and a chassis of phones 
are described as examples of a folding type portable 
radio machine and a chassis thereof. 
[FIRST EMBIDOMENT] 

FIG. 4 provides views of a folding type 
portable phone 100 of a first embodiment of the 
present invention in a case where the folding type 
portable phone 100 is unfolded. More specifically, 
FIG 4- (a) is a perspective view of the folding type 
portable . phone 100, FIG. 4- (b) is a plan view of the 
folding type portable phone 100, and FIG. 4- (c) is a 
side view of the folding type portable phone 100. 

Referring to FIG. 4, the folding type 
portable phone 100 of the first embodiment of the 
present invention includes an operation key part 101, 
a liguid crystal display part 102, a connection part 
103 for connecting the operation key part 101 and 
the liguid crystal display part 102, and others. 
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The operation key part 101 is formed by 
combining an input key board 111 and a lower part 
housing 112. An input key 110 for inputting a phone 
number and others is provided at the input key board 
HI. A first printed board module 117 (See FIG. 12) 
described below and others are installed in the 
lower part housing 112. 

A microphone 114 for gathering voice 
sounds of the user during telephone calling is 
provided at a lower part of the input key board 111. 
Furthermore, an extensible whip antenna 150 for 
sending and receiving is provided at the right srde 
of the inside of the lower part housing 112. 

The liguid crystal display part 102 xs 
formed by combining a liquid crystal display board 
153 and an upper housing 154. A liquid crystal 
display 152 for displaying a picture or a phone 
number is provided at the liquid crystal display 
part 152. 

A second printed board module 157 (See FIG. 
12) described below and others are installed in the 
upper part housing 154. A speaker 155 for 
outputting voice sounds of a remote participant of a 
telephone call is provided at an upper part of the 
liquid crystal display board 153. Furthermore, a 
battery pack 105 is provided at a lower surface of 
the operation key part 101 as an electric power 

supply part. 

When the folding type portable mobile 

, phone 100 is carried, namely at the time of waiting 
for a telephone call or not communicating , the 
liquid crystal display part 102 is folded to the 
operation key part 101. 

When communications or telephone calling 

5 is initiated, the operation key part 101 is held by 
a hand of the user and the liquid crystal display 
part 102 is rotated at the connection part 103 as a 
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center by manual effort so that the folding type 
portable mobile phone 100 is unfolded. Furthermore, 
the antenna 150 is extended from the lower part 

housing 112. 

in addition, the full length (the length 
in a longitudinal direction) of the folding type 
portable phone 100, namely the length -1- shown in 
FIG. 4-(b), is set so as to be an approximately half 
length of the wave length (hereinafter of a 

frequency being used. 

Meanwhile, gamma matching is used as a 
matching method for supplying energy efficiently 
from a feeder line to an antenna. 

FIG. 5 is a schematic view for explaining 
the gamma matching. Referring to FIG. 5, the 
conductive antenna 50 has a full length of 
approximately X/2. An electric power supply is 
provided to the antenna 50 by a coaxial cable 51 
An external conductor 51a of the coaxial cable 51 is 
connected at a substantially center part of the 

antenna 50. 

Furthermore, an internal conductor 51b of 
the coaxial cable 51 is connected to one end of the 
first connection part 52 which is conductive, via 
, the condenser (capacitor) C. Another end of the 

first connection part 52 is connected to one end of 
a second connection part 55. Another end of the 
second connection part 55 is connected to the 
antenna 50. In FIG. 5, dl represents the diameter 
) of the antenna 50, d2 represents the diameter of the 
first connection part 52, S represents the length of 
the second connection part 55, and L represents the 
length (distance) from the coaxial cable 51 to the 
second connection part 55. 

FIG. 6 provides graphs indicating a change 
of input impedance at the gamma matching shown in 
FIG 5. Referring to FIG. 6, the vertical axis of 
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the graph represents input impedance and the 
horizontal axis of the graph represents a ratio of 
the length «L« between the coaxial cable 51 and the 
second connection part 55 and */4. 

A graph in FIG. 6- (a) shows a change of 
the input impedance in a case where the length «S" 
of the second connection part 55 and the diameter d 2 
of the first connection part 52 in FIG. 5 are 
constant. 

Referring to the graph shown xn FIG. 6-(a), 
a curved line (1) shown by a solid line represents 
an input impedance of a resistance in a case where 
d./d! that is a ratio of the diameter d 2 of the 
first connection part 52 to the diameter dl of the 
antenna 50 is large. A curved line (2) shown by a 
solid line represents an input impedance of a 
resistance in a case where d,/d, is small. A curved 
line (3) shown by a dotted line represents an input 
impedance of a reactance in a case where d,/di is 
20 large. A curved line (4) shown by a dotted line 
represents an input impedance of a reactance m a 
case where d 2 /di is small. 

A graph in FIG. 6- (b) shows a change of 
the input impedance in a case where the diameter dl 
of the antenna 50, the diameter d 2 of the first 
connection part 52, and d 2 / dl , that is the ratio of 
the diameter d 2 of the first connection part 52 to 
the diameter d a of the antenna 50, are constant. 

Referring to FIG. 6- (b) , a curved line (1) 
shown by a solid line represents an input impedance 
of a resistance in a case where the length «S» of 
the second connection part 55 is small. A curved 
line (2) shown by a solid line represents an input 
impedance of a resistance in a case where a length 
35 «S" of the second connection part 55 is large. A 

curved line (3) shown by a dotted line represents an 
input impedance of a reactance in a case where the 
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length «S" of the second connection part 55 is small. 
A curved line (4) shown by a dotted line represents 
an input impedance of a reactance in a case where 
the length «S" of the second connection part 55 is 

largS ' as shown in FIG. 6, the input impedance is 

changed in a wide range by changing the capacity 
(capacitance) of the condenser C (See FIG. 5), the 
diameter dl of the antenna 50 (See FIG. 5), the 
diameter d 2 of the first connection part 52 (See FIG. 
5) the length «S" of the second connection part 55 
(See FIG. 5), and length «L" between the coaxial 
cable 51 (See FIG. 5), and the second connection 

part 55 . . 

Therefore, it is possible to accomplish 
impedance matching by selecting proper values of the 
above mentioned length «L» , the length «S", and the 
capacity of the condenser «C» so as to achieve the 
same value of impedance, 50 [Q], as the coaxial 
cable 51. inventors of the present invention found 
that impedance matching of the coaxial cable 51 and 
the antenna 50 whose full length is approximately 
12, in a case where the length «L" is approximately 
A/4, the length "S" is a sufficiently short as 
compared to X (for example, approximately 1/10 or 
less) , and the condenser ~C" has a capacity value 
sufficient to negate (deny) the inductive reactance 
of the input impedance of the antenna 50. 

Meanwhile, FIG. 5, which is a view for 
explaining the gamma matching, can be redrawn to FIG. 
7 and FIG 8. FIG. 7 is a modified view of the 
gamma matching shown in FIG. 5 and is an equivalent 
view to FIG. 5. FIG. 8 is a modified view of the 
gamma matching shown in FIG. 7 and is an equivalent 
35 view to FIG. 5 and FIG. 7. 

Referring to FIG. 8, the inventors of this 
application found that matching whereby the same 
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impedance as the coaxial cable 51 is achieved xs 
accomplished in a case where the length «S" xs 
sufficiently short as compared to 1 (for example, 
approximately 1/10 or less), the condenser «C has 
a capacity value to deny the inductive reactance of 
the input impedance of the antenna 50, the length 
«W» is of a length not effecting the antenna 50 such 
as 1/4 or less, and the length L is shorter than 
the length W. 

As shown in FIG. 6, in a case where the 
length «L" is short, resistance is small and a 
radiation of the antenna is degraded. Hence, it xs 
necessary for the length -L- to be 1/10 or more 
The length «L» is not necessarily a segment Ixne but 
may be bent at a right angle, for example. 

The inventors of this application found 
that in cases of 900 [MHz ] band and 1.5 [GHz] band 
of frequencies, when the length «L", the length «S" 
and the capacity of the condenser «C" are set as 
shown in the following table 1, an excellent 
radiation efficiency [dB] as shown in table 1 can be 
achieved . 

[ TABLE 1] 



1/2 [mm] 



[mm] 



[mm] 



[pF] 



Radiation 
Efficiency 



[dB] 



FREQUENCY 



900 
MHz Band 



170 



37 



0 . 5 



0 . 5 



J_ 



1 . 5 
GHz Band 



23 . 5 



0 .25 



-0 . 3 



25 



in a case of 900 [MHz] band of frequencies, 
when the length «L", the length «S'< and the capacity 
of the condenser «C" are set as shown in the above 
table 1, an impedance characteristic shown xn the 
graph of FIG. 9 is achieved. 
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Furthermore, in a case of 900 [MHz] band 
of frequencies when the length «S« and the capacity 
of the condenser "C" are set as shown in the above 
table 1 and the length «L» is set as 0(zero), an 
impedance characteristic shown in a graph of FIG. 

is achieved. 

in addition, in a case of 1.5 [GHz] band 
of frequencies, when the length «L" , the length «S» 
and the capacity of the condenser «C» are set as 
shown in the above table 1, an impedance 
characteristic shown in a graph of FIG. 11 is 
achieved. 

Referring to FIG. 9 through FIG. 11, 
horizontal axes represent frequencies [MHz] and 
vertical axes represent return loss [dB] , that is, a 
level loss against input. For example, if the 
return loss is 0(zero) [dB] , all of the input are 
reflected. 

As shown in the graph of FIG. 9, under 
conditions shown in table 1, when the frequency is 
between 900 [MHz] and 1000 [MHz], an excellent value 
of -10 [dB] through -30 [dB] of return loss is 
obtained so as to obtain impedance matching. 

However, as shown in FIG. 10, when the 
length «L» is set to 0 (zero), return loss against 
any frequency is 0 (zero) [dB] so that all of input 
are reflected. That is, by setting conditions as 
shown in table 1, the impedance matching is obtained 
as shown in FIG. 9 and FIG. 10. 

Furthermore, as shown in the graph in FIG. 
11 under the conditions shown in table 1, when the 
frequency is approximately 1.5 [GHz], an excellent 
value of return loss between -20 [dB] and -30 [dB] 
is obtained so that the impedance matching is 
obtained. 

Therefore, as described above, the full 
length of the folding type portable phone 100 of the 



first embodiment of the present invention shown in 
FIG 4, namely the length "1" shown in FIG. 4- (b) , 
is set to a length of an approximately half wave 
length d/2) of a using frequency and the folding 
type portable phone 100 has a structure wherein the 
above describe gamma matching can be applied, so 
that it is possible to obtain the impedance matching. 

Next a structure of the folding type 
portable phone 100 of the present invention wherein 
the above mentioned gamma matching is applied is 
described. FIG . 12 is an exploded perspective view 
of the folding type portable phone 100 of the first 
embodiment of the present invention shown in FIG. 4. 

Referring to FIG. 12, a second printed 
board module 157 of a liguid crystal display part 
102 is provided at an upper part chassis 300 which 
functions as a first chassis part. Furthermore, the 
upper part chassis 300 is provided inside of an 
upper housing 154, which functions as a first 
housing. in addition, a first printed board module 
117 of an operation key part 101 is provided at a 
lower part chassis 400 which functions as a second 
chassis part. Furthermore, the lower part chassis 
400, is provided inside of a lower housing 112, 
which functions as a second housing. 

The upper part chassis 300 is made of 
metal such as aluminum, nickel, or the like, or by 
vapor-depositing metal material such as aluminum, 
nickel, magnesium or the like on synthetic resin. 
The upper part chassis 300 and an earth conductor 
pattern of the second printed board module 157 are 
electrically connected via a spring member or the 

The upper part chassis 300 is rotatably 
connected to the lower part chassis 400 via the left 
hinge mechanism part 180 and the right hinge 
mechanism part 190. 



The left hinge mechanism part 180 includes 
a left hinge 103a, a left connection part 300a 
functioning as a first connection part and provided 
at a lower part of the upper part chassis 300, and a 
left connection part 400a functioning as a second 
connection part and provided at an upper part of the 
lower part chassis 400. Similarly, the right hrnge 
mechanism part 190 includes a right hinge 103b, a 
right connection part 300b provided at a lower part 
of the upper part chassis 300, and a left connection 
part 400b provided at an upper part of the lower 
part chassis 400. 

Both of the left connection parts 300a and 
400a have hollow configurations so that the left 
hinge 103a can be inserted. Similarly, both of the 
right connection parts 300b and 400b have hollow 
configurations so that the right hinge 103b can be 
inserted. 

The lower part chassis 400 is made of 
metal such as aluminum, nickel, or the like, or by 
vapor-depositing metal material such as aluminum, 
nickel, magnesium or the like on synthetic resxn. 
The right connection part 400b provided at an upper 
part of the lower part chassis 400 is made of non- 
conductive material such as synthetic resin on which 
metal material is not vapor-deposited. For example, 
the lower part chassis 400 is formed by vapor- 
depositing the above mentioned metal material on the 
synthetic resin in a state where the right 
connection part 400b is masked. 

Therefore, when the upper part chassxs 300 
and the lower part chassis 400 are connected by the 
left hinge mechanism part 180 and the right hinge 
mechanism part 190, there is continuity between the 
left connection part 300a and 400a where the left 
hinge 103a is inserted and there is no continuity 
between the right connection part 300b and 400b 
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where the right hinge 103b is inserted. 

in order to have more reliable continuity 
at a side of the left hinge 103a, a connection 
fitting having a hollow configuration may be put 
between the left connection part 300a provided at a 
lower part of the upper part chassis 300 and the 
left connection part 400a provided at an upper part 
of the lower part chassis 400. 

Furthermore, in the folding type portable 
phone 100 shown in FIG. 12, the entire right 
connection part 400b is made of non-conductive 
material. However, as long as there is no 
continuity at the side of the right hinge 103b, the 
present invention is not limited to the above. 

For example, the above mentioned metal 
material may be vapor-deposited on the synthetic 
resin in a state where only a surface 161 is masked 
so as to make the lower part chassis 400. As a 
result of this, only the surface where the right 
connection part 400b provided at an upper part of 
the lower part chassis 400 comes in contact with the 
right connection part 300b provided at a lower part 
of the upper part chassis 300, is made of non- 
conductive material. 

Furthermore, a non-conductive washer 
member or the like may be put between the right 
connection part 300b provided at a lower part of the 
upper part chassis 300 and the right connection part 
400b provided at an upper part of the lower part 

) chassis 400 . 

in addition, the antenna 150 is provided 
at a non-conductive side which is the side of the 
right connection part 400b and inside of the lower 
part housing 112 in a state where the antenna 150 
5 can be extended and retracted. 

Thus, in the folding type portable phone 
100 of the present invention, the upper part chassis 
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300 of the operation key part 101 is mechanically 
connected to the lower part chassis 400 of the 
liquid crystal display part 102 via the left hinge 
mechanism part 180 and the right hinge mechanism 
part 190. However, there is electric continuity 
only at the left hinge mechanism 180 between the 
upper part chassis 300 and the lower part chassis 
400 The antenna 150 is positioned on the non 
electric continuity side, namely the side of the 
right hinge mechanism part 190. 

The antenna 150 is electrically connected 
to an electric power supply circuit of the first 
printed board module 117 via the designated electric 
power supply surface (a surface positioned at a part 
indicated by a dotted line in FIG. 12, for example) 
of the back surface of the first printed board 

module 117 . 

Now a relationship between the above 
mentioned structure and the above mentioned gamma 
matching is described. 

FIG 13 is a schematic view of the upper 
part chassis 300 and the lower part chassis 400 in a 
case where the folding type portable phone 100 shown 
in FIG. 4 and FIG. 12 is unfolded. More 
, particularly, FIG. 13- (a) is a view seen in the X-Y 
plane of FIG . 4- (a) , and FIG. 13- (b) is a view seen 
in the Y-Z plane of FIG. 4- (a) . 

in FIG. 13- (a), the connection part 300b 
provided at a lower part of the upper part chassis 
, 300 and the right connection part 400b provided at 
an upper part of the lower part chassis 400 are 
indicated by dotted lines just to show that a side 
of the right hinge mechanism part 190 in FIG. 12 has 
no electric continuity. Furthermore, arrows m FIG. 
5 13- (b) indicates the electric capacity. 

Referring to FIG. 13, the folding type 
portable phone 100 is unfolded and the antenna 150 
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is extended for communicating or telephone calling, 
so that an electric capacity is formed between the 
antenna 150 which is conductive and the upper part 
chassis 300 or the second printed board module 157 
which is conductive. 

There is no electric continuity at the 
side of the right hinge mechanism part 190, namely 
between the right connection part 300b provided at a 
lower part of the upper part chassis 300 and the 
right connection part 400b provided at an upper part 
of the lower part chassis 400. Hence, an electric 
notch, namely an electric cutout is formed between 
the upper part chassis 300 and the lower part 
chassis 400. Accordingly, the electric state shown 
in FIG 13 can be redrawn to FIG. 14. 

In FIG. 14, a condenser "C" represents an 
electric capacity formed between the antenna 150 
which is conductive and the upper part chassis 300 
which is conductive. A part indicated by diagonal 
lines represents the above mentioned electric notch. 

The electric state of the folding type 
portable phone 100 shown in FIG. 14 is equivalent to 
the gamma matching circuit shown in FIG. 8. As 
shown in FIG. 4- (b) , a full length "1" of the 
folding type portable phone 100 is suitable for a 
length of approximately A/2 of the using frequency. 
The impedance matching can be achieved at a using 
frequency band by adjusting the capacity of the 
condenser C shown in FIG. 14, the length L between a 
) right end part 170 of the upper part chassis 300 and 
the left hinge mechanism part 180, and the length S 
of the left connection part 300a provided at the 
lower part of the upper pact chassis 300 and the 
left connection part 400a provided at the upper part 
5 of the lower pact chassis 400, which are connected 
by the left hinge 103a. 

The inventors of this application paid 
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attention to electric continuity and non-electric 
continuity of the side of the left hinge mechanism 
part 180 (the left connection part 300a provided at 
the lower part of the upper pact chassis 300 and the 
left connection part 400a provided at the upper part 
of the lower pact chassis 400) and the side of the 
right hinge mechanism part 190 (the right connection 
part 300b provided at the lower part of the upper 
pact chassis 300 and the right connection part 400b 
provided at the upper part of the lower pact chassrs 
400) and measured radiation efficiency of the 
antenna 150. A table 2 shows the results of the 
measurements. In the table 2, a value of the 
radiation efficiency [dB] shows a characteristic rn 
a case where a 1/2 dipole antenna is 0 (zero) [dB] . 
[TABLE 2] 



20 



25 



MEASUREMENT CONDITION 



RADIATION F.FFICINCY [dB] 



SIDE OF 
LEFT 

MECHANISM 
180 



CONTINUITY 



NON- 
CONTINUITY 



CONTINUITY 



A SIDE OF 
RIGHT 
MECHANISM 
190 



CONTINUITY 



NON- 

CONTINUITY 



NON- 
CONTINUITY 



FREAQUENCY 



819 [MHz] 



-0 . 0 



949 [MHz] 



-7 . 0 



-7.9 



-1.3 



in a case where the 
formed without vapor- 



As shown in table 2, 
right connection part 400b was 
depositing a metal material so that there was no 
electric continuity between the right connection 
part 300b and the right connection part 400b but 
there was an electric continuity between the left 
connection part 300a and the left connection part 
400a, -0.0 [dB] of the radiation efficiency for a 
frequency in a state of 819 [MHz ] and -1.3 [dB] of 
the radiation efficiency for a frequency of 949 
[MHz] were obtained. Therefore, under the above 
mentioned conditions, better radiation efficiency 



-24- 



can be obtained than in a case where both sides of 
the left hinge mechanism part. 180 and the right 
hinge mechanism part 190 have electric continuity or 
both sides do not have electric continuity. 
5 That is, under the above mentioned 

structure of the folding type portable phone 100, 
the antenna 150 provided in the lower part housing 
112, the lower part chassis 400, the left hinge 
mechanism part 180 (the left connection part 300a, 

10 the left connection part 400a, and the left hinge 

103a) , and the upper part chassis 300 that functions 
as an obstacle of the antenna conventionally, 
function in a body, as a X/2 antenna having good 
radiation efficiency. 

15 ' Furthermore, in the above mentioned 

embodiment, the lower part chassis 400 can be formed 
without vapor-depositing metal material on the right 
connection part 400b. Hence, it is possible to 
manufacture the above mentioned lower part chassis 

20 400 easily. 

In a case where the folding type portable 
phone 100 is folded, since the upper part chassis 
300 is not positioned where it works as an obstacle 
to the antenna 150, good radiation characteristics 

25 can be obtained. 

Thus, according to the folding type 
portable phone 100 of the first embodiment of the 
present invention, in a case where the folding type 
portable phone is unfolded and the antenna is 

30 extended so as to conduct phone calling and 

communications, it is possible to transmit and 
receive a radio wave efficiently and realize high 
quality phone calling and communicating. 

Although there is no electric continuity 

35 between the right connection part 300b and the right 
connection part 400b in the above mentioned 
embodiment, the present invention is not limited to 
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the above. That is, it is possible to manufacture a 
the folding type portable phone which functions as a 
1/2 dipole antenna that can obtain effective hxgh 
gain at a using frequency band, wherein by adjustxng 
the capacity of the condenser «C», the length " L " , 
and the length «S» for gamma matching as shown xn 
FIG 8, impedance matching can be achxeved. 

For example, in the above mentioned 
example, the full length of the folding type 
portable phone 100, namely the length "1" shown xn 
FIG 4 -(b) is set so as to have a length of 
approximately X/2 of the using frequency. However, 
the sum of the full length of the second prxnted 
board module 157 and the full length of the first 
printed board module 117 may be suitable for 
approximately X/2 of the using frequency. 
[SECOND EMBODIMENT] 

Next, a second embodiment of the present 
invention will' be explained. In drawings for the 
second embodiment of the present invention, parts 
that are the same as the parts shown in drawings for 
the first embodiment are given the same reference 
numerals, and explanation thereof will be omitted. 

FIG. 15 provides views of a folding type 
portable phone 200 of a second embodiment of the 
present invention in a case where the folding type 
portable phone 200 is unfolded. More particularly, 
FIG 15- (a) is a perspective view of the folding 
type portable phone 200, FIG. 15- (b) is a plan vxew 
, of the folding type portable phone 200, and FIG. 15- 
(c) is a side view of the folding type portable 
phone 200. FIG. 16 is an exploded perspective vxew 
of the folding type portable phone 200 shown xn FIG. 

5 ^ ' Referring to FIG. 15, the folding type 

portable phone 200 of the second embodiment of the 
present invention, as well as the folding type 
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portable phone 100 of the first embodiment of the 
present invention, includes an operation key part 

101, a liquid crystal display part 102, a connection 
part 103 for connecting the operation key part 101 

5 and the liquid crystal display part 102, and others. 

Referring to FIG. 16, the operation key 
part 101 is formed by combining an input key board 
111 and a lower part housing 112 functioning as a 
second housing. A lower part chassis 600 

10 functioning as a second chassis is provided inside 
of the lower part housing 112. A first printed 
board module 117 is provided at the lower part 
chassis 600 . 

The liquid crystal display part 102 is 

15 formed by combining the liquid crystal display board 
153 and the upper part housing 154 functioning as a 
first housing. An upper part chassis 500 
functioning as a first chassis is provided inside of 
the upper part housing 154. The liquid crystal 

20 display 152 and the second printed board module 157 
are provided at the upper part chassis 500. 

The upper part chassis 500 and the lower 
part chassis 600 include the left hinge mechanism 
part 680 and the right hinge mechanism part 690. 

25 The left hinge mechanism part 680 is 

covered with an arc part 23 projecting from an edge 
of the input key board part 111 of the dial 
operations key side part 101. The right hinge 
mechanism part 690 is covered with an arc part 33 

30 projecting from an edge of the liquid crystal 

display board 153 of the liquid crystal side part 

102. The left hinge mechanism part 680 and the 
right hinge mechanism part 690 form the connection 
part 103 shown in FIG. 15. Details of structures of 

35 the left hinge mechanism part 680 and the right 

hinge mechanism part 690 will be described below. 

Furthermore, the first printed board 
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module 117 of the dial operations key side part 101 
and the second printed board module 157 of the 
liquid crystal side part 102 are connected by a 
flexible printed board 40. The flexible printed 
board 40 is put between the left hinge mechanism 
part 680 and the right hinge mechanism part 690 and 
is connected to the first printed board module 117 
and the second printed board module 157 via 
connectors. The flexible printed board 40 is 
bendable and flexible so as to form a curl 
configuration at a designated position thereof. 

In addition, an external antenna 250 for 
sending and receiving is installed at the right side 
of the inside of the lower part housing 112. The 
external antenna 250 is fixed there without bexng 
flexible, unlike the whip antenna 150 of the folding 
type portable phone 100 of the first embodiment of 
the present invention. 

Referring back to FIG. 15, when the folding 
type portable mobile phone 200 is carried, namely at 
the time of waiting for a telephone calling or not 
communicating , the liquid crystal display part 102 
is folded to the operation key part 101. When the 
communicating or telephone calling is initiated, the 
operation key part 101 is held by a hand of the user 
and the liquid crystal display part 102 is rotated 
at the connection part 103 as a center by manual 
effort so that the folding type portable mobile 
phone 200 is unfolded. 
, The full length of the folding type 

portable phone 200 (the length in the longitudinal 
direction of the folding type portable phone 200) , 
namely a length "1" shown in FIG. 15- (b) , is set so 
as to be suitable for approximately half of the wave 
5 length X x of the first using frequency. 

According to the first embodiment of the 
present invention as shown in FIG. 4, FIG. 13 and 
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others, the full length of the folding type portable 
phone 100 is approximately half of the wave length 
of the using frequency, there is electric continuity 
at the left hinge mechanism part 180, and the 
antenna 150 is positioned at a side of the right 
hinge mechanism part 190 where there is no electric 
continuity, so that impedance matching can be 
obtained by using the above mentioned gamma matching. 

In the second embodiment of the present 
invention, the impedance matching at the first using 
frequency is achieved by using the above mentioned 
gamma matching, and the impedance matching at the 
second using frequency is achieved by using the 
relationship between the notch antenna and resonance 
frequency. First principles of the second 
embodiment are next described and then detailed 
structures thereof are described. 

FIG. 17 is a view for explaining a 
principle of the folding type portable phone 200 of 
the second embodiment of the present invention. 
More particularly, FIG. 17- (a) is a view seen in the 
X-Y plane of FIG. 15- (a) and shows a state of the 
upper part chassis 500 and the lower part chassis 
500 shown in FIG. 16 when the folding type portable 
phone 200 is unfolded. In FIG. 17- (a) , a part 680 
indicated by solid lines represents a part where 
there is an electric continuity, and a part 690 
indicated by dotted lines represents a part 
mechanically connected but where there is no 
, electric continuity. FIG. 17- (b) is a view 

electrically equivalent to the view of FIG. 17 (a). 

in the folding type portable phone 200 of 
the second embodiment of the present invention, a 
length "1" shown in FIG. 15- (b) is set so as to be 
5 suitable for half of the wave length X, of the first 
using frequency. As shown in FIG. 17- (a) , although 
there is no electric continuity at the right hinge 



mechanism part 690, there is electric continuity at 
parts including the left hinge mechanism part 680 
other than the right hinge mechanism part 690. 

Therefore, an electric notch namely 
5 electric cutout is formed between the upper part 

chassis 500 and the lower part chassis 600 as shown 
by diagonal lines in FIG. 17- (b) . An electric state 
shown in FIG. 17- (b) is equivalent to a state shown 
in FIG. 8 that is a modification of the gamma 

10 matching shown in FIG. 5 and FIG. 7. 

The impedance matching can be achieved at 
the first using frequency by the above mentioned 
gamma matching, in a state where a full length "1" 
of the folding type portable phone 200 is suitable 

15 for a length of an approximately one half of the 

wavelength (^/2) of the first using frequency, the 
capacity of the condenser C is adjusted based on 
change of multiplier by a known method, the length L 
in the X1-X2 direction of the electric notch is 

20 adjusted, and the length S in the Y1-Y2 direction of 
the electric notch is adjusted. Here, the length L 
is a length in the X1-X2 direction is a length in 
X1-X2 direction between ends of the upper part 
chassis 500 and the lower part chassis 600 at a side 

25 where the electric notch is formed and the left 
hinge mechanism part 680 that has electric 
continuity . 

Because of the above mentioned adjustment, 
the upper part chassis 500, the lower part chassis 

30 600, and the left hinge mechanism part 680 function 
in a body, as an antenna having a length of 
approximately half of a wave length X 1 of the first 
using frequency and a good electric continuity. 
Meanwhile, the inventors of this 

35 application paid attention to a relationship between 
. the so-called notch antenna, having an electric 
notch shown by diagonal lines in FIG. 17, and a 
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resonance frequency so that impedance matching at 
the second using frequency can be obtained according 
to the second embodiment. 

FIG. 18 is a view for explaining a 
5 relationship between a notch antenna and a resonance 
frequency. FIG. 19 is a view electrically 
equivalent to FIG. 18 in a case where Ex mode is 
applied to a notch antenna 900 shown in FIG. 18. In 
FIG. 18, the electric notch is indicated by diagonal 

10 lines as well as FIG. 17- (b) . 

Referring to FIG. 18, in a notch antenna 
900 having an electric notch inside thereof, "S" 
represents a length in an x direction of the 
electric notch, "L" represents a length in a y 

15 direction of the electric notch, and W A 2 " 

represents a wavelength at a frequency when the 
notch antenna is used. Under the above mentioned 
circumstances, resonance occurs in two state, namely 
"Ex mode" wherein w L" is longer than "S" and L 

20 equals ^-2/4 and "Ey mode" wherein "S" is longer 
than "L" and S equals A 2 /4. 

However, in a case of the Ey mode, it is 
necessary to provide a long coaxial cable for 
feeding electric power to the notch antenna. Hence, 

25 it may not be desirable to apply the Ey mode to a 
folding type portable phone. 

Because of this, the inventors of this 
application decided to apply the Ex mode to the 
folding type portable phone so that the length of 

30 the coaxial cable 901 can be minimized. In a case 
where the Ex mode is applied to the folding type 
portable phone, the notch antenna 900 shown in FIG. 
18 is electrically equivalent to the monopole 
antenna shown in FIG. 19 and having a full length of 

35 A 2 /4. 

Thus, it is possible to obtain impedance 
matching at the second using frequency by setting 
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"L" that is a length in the y direction of the 
electric notch shown in FIG. 18 as a length suitable 
for X 2 /4 of the second using frequency and 
adjusting the capacity of the condenser "C" shown in 
5 FIG. 17- (b) . 

Meanwhile, when waiting for telephone 
calling and the folding type portable phone is being 
carried, the phone is folded. Therefore, even in a 
state where the folding type portable phone is 

10 folded, it is necessary for the folding type 

portable phone to have a structure wherein resonance 
occurs at the first and second using frequencies. 

More particularly, even in the state where 
the folding type portable phone is folded, the 

15 folding type portable phone should have a structure 

wherein the above mentioned electric notch is formed. 
Therefore, the inventors of this application 
realized that a conductor needs to be provided 
between the left hinge mechanism part 680 and the 

20 right hinge mechanism part 690 shown in FIG. 17. An 
electrically equivalent state to the above mentioned 
state is shown in FIG. 20. Here, the electric notch 
is shown by diagonal lines in FIG. 20. More 
particularly, FIG. 20- (a) shows a case where the 

25 folding type portable phone is unfolded and FIG. 20- 
(b) shows a case where the folding type portable 
phone is folded. 

Referring to FIG. 20, a conductive member 
902 is provided in an XI direction from the left 

30 hinge mechanism part 680, namely at a side of the 
right hinge mechanism part 690. Furthermore, 
although the feeding point of an electric power 
supply is provided at the upper part chassis 500 in 
the example shown in FIG. 18, here the feeding point 

35 of an electric power supply is provided at the 
conductive member 902. Therefore, as shown by 
diagonal lines in FIG. 20, the electric notch having 
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a width «S"' in the Y1-Y2 direction is formed 
between the conductive member 902 and the lower part 

chassis 600. 

Opening and closing of the upper part 
chassis 500 and the lower part chassis 600 are 
achieved by the left hinge mechanism part 680 and 
the right hinge mechanism part 690 as a center of 
opening and closing. Because of this structure, as 
shown in FIG. 20- (b) , even if the upper part chassis 
500 is closed against the lower part chassis 600, 
the electric notch is formed between the conducive 
member 902 and the lower part chassis 600. 

Thus, regardless of folding or unfolding 
of the folding type portable phone 200, the electric 
notch can be formed, and thereby it is possible to 
achieve resonance at a designated second using 
freguency. 

Furthermore, as shown in FIG. 15, the full 
length of the folding type portable phone 200 is set 
as being suitable for approximately half of the wave 
length X x ot the first using frequency. When the 
folding type portable phone 200 is folded, the full 
length of the folding type portable phone 200 is 
approximately one fourth of the wave length X l0 f 
i the first using frequency, as shown in FIG. 21. 

More particularly, FIG. 21- (a) shows a 
state where the folding type portable phone 200 is 
unfolded and FIG. 21- (b) shows a state where the 
folding type portable phone 200 is folded. In FIG. 
3 21 an arrow represents the direction of electric 
current for the folding type portable phone 200. 

Furthermore, the drawing to the left of 
FIG 21- (a) indicates an electric current 
distribution in a state where the folding type 
5 portable phone 200 is unfolded. The vertical axis 
represents a position in a full length direction of 
the folding type portable phone 200. The horizontal 
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The 



axis represents the amount of electric current, 
upper half of the electric current distribute 
indicates electricity distribution at the upper part 
chassis 500 and the lower half of the electric 
current distribution indicates electricity 
distribution at the lower part chassis 600. 

As shown in FIG. 21, under the structure 
shown in FIG. 17, when the folding type portable 
phone 200 is folded, the direction of the electrxc 
current at the upper part chassis 500 is reverse to 
the direction of the electric current at the lower 
part chassis 600 so that the electric currents at 
the upper part and lower part chassis 500 and 600 
contradicts each other. That may cause the collapse 
of a resonant state at the first using frequency. 

Accordingly, as shown in FIG. 22, the 
upper part chassis 500 and the lower part chassis 
600 are connected by a coaxial cable 903 having a 
full length suitable for approximately half of the 
wave length X, of the first using frequency. 

FIG 22- (a) shows a state where the 
folding type portable phone 200 is unfolded and FIG. 
22- (b) shows a state where the folding type portable 
phone 200 is folded. In FIG. 22, an arrow 
represents the direction of electric current in the 
folding type portable phone 200. 

Furthermore, the drawing to the left of 
FIG 22 indicates an electric current distribution 
in a state where the folding type portable phone 200 
) is unfolded. The vertical axis represents a 

position in a full length direction of the folding 
type portable phone 200. The horizontal axis 
represents the amount of electric current. A part 
indicated by an arrow "A" of the electricity 
5 distribution is suitable for the coaxial cable 903. 

As shown in FIG. 22, since the upper part 
chassis 500 and the lower part chassis 600 are 
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connected by a coaxial cable 903 having a full 
length suitable for approximately half of the wave 
length A, j of the first using frequency, even if the 
folding type portable phone 200 is folded, the 
direction of the electric current at the upper part 
chassis 500 is same as the direction of the electric 
current at the lower part chassis 600. 

That is, by connecting the upper part 
chassis 500 and the lower part chassis 600 with the 
coaxial cable 903, even if the folding type portable 
phone 200 is folded, the gamma matching of the 
folding type portable phone, whose full length is 
suitable for approximately half of the wave length 
X 1 of the first using frequency, can be used, as 
well as in the state where the folding type portable 
phone 200 is unfolded. 

Therefore, even if the folding type 
portable phone 200 is folded, it is possible to 
prevent contradiction of the directions of the 
electric currents at the upper and lower parts 
chassis 500 and 600 shown in FIG. 21 so that it is 
possible for resonance to occur at the first using 
frequency. As described above, since resonance of 
the second using frequency is caused by the length 
«L" in the y direction of the electric notch in FIG. 
17 it is possible to obtain resonance of the second 
using frequency regardless of states of folding and 
unfolding of the folding type portable phone 200. 

Next, a detailed structure of the folding 
type portable phone 200 of the second embodiment of 
the present invention is described. In the folding 
type portable phone 200, based on the above 
mentioned principle, it is possible to obtain 
impedance matching at the first using frequency by 
> using gamma matching, and obtain impedance matching 
at the second using frequency by using the 
relationship between the notch antenna and the 
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resonant frequency. 

FIG. 23 is an exploded perspective view of 
the upper part chassis 500 and the lower part 
chassis 600 of the folding type portable phone 200 
of the second embodiment of the present invention. 

Referring to FIG. 23, the liquid crystal 
display 152 and the second printed board module 157 
are provided at the upper part chassis 500 shown in 
FIG. 16. The first printed board module 117 is 
provided at the lower part chassis 600. 

The upper part chassis 500 is made of 
metal such as aluminum, nickel, or the like, or by 
vapor-depositing metal material such as aluminum, 
nickel, magnesium or the like on synthetic resin. 
The upper part chassis 500 and an earth conductive 
pattern of the second printed board module 157 are 
electrically connected to each other via a spring 
member or the like. 

The upper part chassis 500 is rotatably 
connected to the lower part chassis 600 via the left 
hinge mechanism part 680 and the right hinge 
mechanism part 690. 

The left hinge mechanism part 680 includes 
a left hinge 103a, a left connection part 300a 
functioning as a first connection part and provided 
at a lower part of the upper part chassis 500, and a 
left connection part 400a functioning as a second 
connection part and provided at an upper part of the 
lower part chassis 600. Similarly, the right hinge 
mechanism part 690 includes a right hinge 103b, a 
right connection part 300b provided at a lower part 
of the upper part chassis 500, and a right 
connection part 400b provided at an upper part of 
the lower part chassis 600. 

The left connection parts 300a and 400a 
have hollow configurations so that the left hinge 
103a can be inserted. Similarly, the right 
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connection parts 300b and 400b have hollow 
configurations so that the right hinge 103b can be 
inserted. 

The lower part chassis 600 is made of 
metal such as aluminum, nickel, or the like, or by 
vapor-depositing metal material such as aluminum, 
nickel, magnesium or the like on synthetic resin. 
The right connection part 400b provided at an upper 
part of the lower part chassis 400 is made of non- 
conductive material such as synthetic resin on which 
metal material is not vapor-deposited. For example,, 
the lower part chassis 600 is formed by vapor- 
depositing the above mentioned metal material on the 
synthetic resin in a state where the right 
connection part 400b is masked. Therefore, it is 
possible to easily form the lower part chassis 600 
having the above mentioned right connection part 
400b. 

The upper part chassis 500 and the lower 
part chassis 600 are connected to each other by the 
left hinge mechanism part 680 and the right hinge 
mechanism part 690. There is electric continuity 
between the left connection parts 300a and 400a 
where the left hinge 103a is inserted. There is no 
electric continuity between the right connection 
parts 300b and 400b where the right hinge 103a is 

inserted . , 

in order to have more reliable continuity 
at a side of the left hinge mechanism part 680, a 

, connection fitting 160 having a hollow configuration 
may be put between the left connection part 300a 
provided at a lower part of the upper part chassis 
500 and the left connection part 400a provided at an 
upper part of the lower part chassis 600. 

5 Under the above structure, the upper part 

chassis 500 and the lower part chassis 600 are 
physically connected to each other by the left hinge 
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mechanism part 680 functioning as a first connection 
part and the right hinge mechanism part 690 
functioning as a second connection part. But, there 
is electric continuity at only the left hinge 
mechanism part 680 between the upper part chassis 
500 and the lower part chassis 600. Therefore, the 
electric notch described with reference to FIG. 17 
through FIG. 19 is formed between the left hinge 
mechanism part 680 and the right hinge mechanism 
part 690. Hence, a notch antenna is formed by the 
upper part chassis 500, the lower part chassis 600, 
and the left hinge mechanism part 680. 

More particularly, a length in the Z1-Z2 
direction in FIG. 23 between the left hinge 
mechanism part 680 which provides electric 
continuity between the upper part chassis 500 and 
the lower part chassis 600 and the right hinge 
mechanism part 690 which does not provide electric 
continuity between the upper part chassis 500 and 
the lower part chassis 600, is set to be suitable 
for a length "L" described with reference to FIG. 17 
through FIG. 19, namely approximately one fourth of 
the wave length X 2 of the second using frequency. 

Furthermore, as described above, the full 
length of the folding type portable phone 200 (a 
length in a vertical direction of the folding type 
portable phone 200), namely the length "1" shown in 
FIG. 15- (b), is set to be suitable for approximately 
half of the wave length X 1 of the first using 
frequency . 

Therefore, in a state where the folding 
type portable phone 200 is unfolded, the impedance 
matching at the first using frequency can be 
achieved with gamma matching by properly adjusting 
i the capacity of the condenser provided inside of the 
folding type portable phone 200. And also, the 
impedance matching at the second using frequency can 
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be achieved by using the relationship between the 
notch antenna and the resonant frequency. 

In the above embodiment, the entire right 
connection part 400b provided at an upper part of 
the lower part chassis 600 is formed by a non- 
conductive material. However, the present invention 
is not limited to the above as long as the side of 
the right hinge mechanism part 690 does not provide 
electric continuity. 

For example, the lower part chassis 600 
may be formed by vapor-depositing the above 
mentioned metal material on the synthetic resin in a 
state where the surface 161 where the right 
connection part 400b provided at the upper part of 
the lower part chassis 600 comes in contact with the 
right connection part 300b provided at the lower 
part of the upper part chassis 500 is masked, so 
that only the surface 161 may be formed by non- 
conductive material . 

Furthermore, a non-conductive washer 
member or the like may be put between the right 
connection part 300b provided at the lower part of 
the upper part chassis 500 and the right connection 
part 400b provided at the upper part of the lower 
part chassis 600. 

Furthermore, in the above mentioned 
embodiment, the full length of the folding type 
portable phone 200, namely the length "1" shown in 
FIG. 15- (b) is set to be suitable for approximately 
half of the wave length X x of the first using 
frequency. However, the present invention is not 
limited to the above. For example, a sum of the 
full length of the second printed board module 157 
and the full length of the first printed board 
module 117 may be suitable for approximately X x /2 
of the first using frequency. 

Meanwhile, FIG. 24 is a view showing the 
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lower part chassis 600 shown in FIG. 23. More 
particularly, FIG. 24- (a) is a plan view thereof and 
FIG. 24-(b) is a side view thereof in Z2-Z1 
direction . 

As shown in FIG. 23 and FIG. 24, at the 
left connection part 400a provided at an upper part 
of the lower part chassis 600, a conductive member 
902 is extended from a part positioned lower than a 
hollow part of the left connection part 400a in the 
Zl direction, namely to a side of the right hinge 
mechanism part 690, so as to form a length «S'" 
between the lower part chassis 600 and the 
conductive member 902 and not to reach the right 
connection part 400b. 

Opening and closing of the upper part 
chassis 500 and the lower part chassis 600 are 
conducted in a state where the left hinge mechanism 
part 680 and the right hinge mechanism part 690 are 
centers of the operations of opening and closing. 
Because of the conductive material 902, even when 
the upper part chassis 500 is closed against the 
lower part chassis 600, an electric notch is formed 
so as to have a length »S"' between the conductive 
member 902 and the lower part chassis 600. 

That is, regardless of folding and 
unfolding states of the folding type portable phone 
200, the electric notch can be formed so that 
resonance at the second using frequency can be 
achieved . 

Meanwhile, as described above with 
reference to FIG. 15, the first printed board module 
117 provided at the upper chassis 500 and the second 
printed board module 157 provided at the lower part 
chassis 600 are electrically connected by a flexible 
printed board 40. The flexible printed board 40 is 
bendable and flexible so as to form a curl 
configuration at a designated position thereof. 
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FIG. 25 is a perspective view showing a 
first structure of a flexible printed board 40 and 
the vicinity thereof. FIG. 26 is a perspective view 
showing a second structure of the flexible printed 
board 40 and the vicinity thereof. 

Referring to FIG. 25, a connector 910 for 
connecting to the first printed board module 117 
provided at the upper chassis 500 is provided at one 
end of the flexible printed board 40 shown by a one 
point dotted line. In addition, a connector 911 for 
connecting to the second printed board module 157 
provided at the lower chassis 600 is provided at the 
other end of the flexible printed board 40. When 
the flexible printed board 40 is connected to the 
printed board modules 117 and 157 via the connectors 
910 and 911, a curl part 41 is formed so as to form 
at least one spiral. 

An axial member 912 is inserted in an 
axial direction inside of the curl part 41 formed at 
the flexible printed board 40 so that the curl part 
41 is prevented from being deformed due to long term 
repeated operations of folding and unfolding the 
folding type portable phone 200. Furthermore, a 
protection sheet 913 is provided along an external 
circumference of the curl part 41 and thereby the 
flexible printed board 40 is protected. 

A plurality of hole forming parts 914 are 
formed at the protection sheet 913. A coaxial cable 
903 passes through the hole forming parts 914 so as 
to wind almost around the external circumference of 
the first printed board module 117 along the 
protection sheet 913. The coaxial cable 903 is a 
coaxial line which connects the first printed board 
module 117 and the second printed board module 157 
and has a length suitable for being approximately 
half of the wave length ^ i of the first using 
frequency . 



-41- 



Alternatively, instead of the protection 
sheet 913 having the above mentioned the hole 
forming parts 914, as shown in FIG. 26, a hole 
forming part 915 in an axial direction may be 
provided at the center of the axial member 912 so 
that the above mentioned coaxial cable 903 may pass 
through the hole forming part 915. 

Thus, the first printed board module 117 
provided at the lower chassis 600 and the second 
printed board module 157 provided at the upper part 
chassis 500 are connected by the coaxial cable 903 
having a length suitable for approximately half of 
the wave length X 1 of the first using frequency in 
a state where the curl part 41 formed at the 
flexible printed board 40 is used. Therefore, even 
if the folding type portable phone 200 is folded so 
that the upper chassis 500 is closed against the 
lower part chassis 600, it is possible to apply 
gamma matching of a folding type portable phone 
having a full length of approximately X,/2 so that 
resonance can be achieved at the first using 
frequency, as well as a state where the folding type 
portable phone 200 is unfolded. 

Thus, the conductive member 902 is 
extended from the left connection part 400a to the 
side of the right hinge mechanism part 690 that does 
not provide electric continuity , so as to form a 
gap having the length -S" between the lower part 
chassis 600 and the conductive member 902. 
Furthermore, the first printed board module 117 
provided at the lower part chassis 600 and the 
second printed board module 157 provided at the 
upper part chassis 500 are connected by the coaxial 
cable 903 having a length suitable for approximately 
half of the wave length X x of the first using 
frequency. Hence, even in a state where the folding 
type portable phone 200 is folded, resonance at the 
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first and second using frequencies can be achieved. 

Thus, according to the folding type 
portable phone 200 of the second embodiment of the 
present invention, the upper part chassis 500, the 
lower part chassis 600, and the hinge mechanism 
parts 680 and 690 function in a body as an internal 
antenna at different using frequency bands (dual 
bands) , more particularly as a modified gamma 
matching type half wavelength dipole antenna having 
an effective high gain. Accordingly, it is possible 
to transmit and receive radio waves efficiently at 
the dual bands so that high quality telephone 
calling and communicating can be implemented. 

Furthermore, resonance can be achieved at 
respective frequencies by using the internal antenna 
using the electric notch formed by the upper part 
chassis 500, the lower part chassis 600, and the 
hinge mechanism parts 680 and 690 provided inside of 
the folding type portable phone 200, without 
providing the external antenna corresponding to the 
respective frequencies for receiving and sending 
(for example, a whip antenna) at a space inside of 
the folding type portable phone 200. Hence, it is 
possible to minimize the size of the folding type 
portable phone and make it light weight. 

For example, the above mentioned folding 
type portable phone may be modified to a folding 
type portable phone 950 shown in FIG. 27. Here, FIG. 
27 is an exploded perspective view of a folding type 
portable phone 950 which is a modified example of 
the second embodiment of the present invention. 

Referring to FIG. 27, the folding type 
portable phone 950 has a substantially same 
structure as the above mentioned folding type 
3 portable phone 200 except not having the external 
antenna 150 shown in FIG. 16. As described above, 
according to the second embodiment of the present 
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invention, since it corresponds to use for the dual 
bands by only the internal antenna formed in a body 
by the upper part chassis 500, the lower part 
chassis 600, and the hinge mechanism parts 680 and 
5 690, an external antenna itself such as a whip 
antenna is not provided. 

According to the structure shown in FIG. 
27, a part of the external antenna, extending to the 
outside of the folding type portable phone 950, is 

10 not provided. Hence, it is possible to avoid 

encountering of an obstacle when the folding type 
portable phone 950 is taken into/out of a pocket, 
bag, or the like so that smooth taking in and out 
can be achieved. Furthermore, it is possible to 

15 minimize the size of the folding type portable phone 
950 and making the weight thereof light can be 
achieved. In addition, it is possible to use a 
space conventionally allocated to the external 
antenna for other purposes. 

20 Meanwhile, in the respective examples 

shown in FIG. 15 through FIG. 27, the second 
embodiment of the present invention is described by 
using the folding type portable phone. However, the 
principle (See FIG. 17 through FIG. 19) used in the 

25 second embodiment of the present invention can be 
used for a so-called straight type portable phone, 
which is used without being folded even at the time 
of being carried (at the time of waiting for phone 
calling and at the time of non-communication) . 

30 That is, a configuration of a board 

provided inside of the straight type portable phone 
is formed as having a plan view of rectangular shape 
with one side having a part being cut out so that an 
electric notch is provided in the vicinity of the 

35 center of the board. In addition, the long side of 
the board is set to be suitable for approximately 
half of the wave length A i of the first using 
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frequency and the long side of the electric notch is 
set to be suitable for approximately half of the 
wave length X, of the second using frequency. 

Under the above mentioned structure, the 
straight type portable phone is electrically 
equivalent to a state where the folding type 
portable phone 200 shown in FIG. 17- (a) is unfolded. 
Hence, based on the principle of the second 
embodiment of the present invention described wxth 
reference to FIG. 17 through FIG. 19, it is possible 
to achieve resonance at different using frequency 
bands so that high quality telephone calling and 
communicating can be implemented as a modified gamma 
matching type half wavelength dipole antenna having 
an effective high gain. 

The present invention is not limited to 
these embodiments, but variations and modifications 
may be made without departing from the scope of the 
present invention. 

For example, although the folding type 
. portable phone and the chassis thereof are described 
in the above mentioned embodiments, the present 
invention is not limited to the above. The present 
invention may be applied to other kinds of folding 
type portable radio machines, which are folded at 
the time of being carried (waiting for being called 
and communicating, non-communication) and unfolded 
at the time of being used for telephone calling or 
communicating, and the chassis of the radio machines. 
, This patent application is based on 

Japanese Priority Patent Application No. 2002-274342 
filed on September 20, 2002, and Japanese plenty 
Patent Application No. 2003-92858 filed on March 28, 
2003, the entire contents of which are hereby 
5 incorporated by reference. 



